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CRACK STOP BARRIER AND METHOD OF
MANUFACTURING THEREOF

TECHNICAL FIELD

The present invention relates generally to the manufacture
of semiconductor devices and more particularly to the manu-
facture chips by separating semiconductor waters and semi-
conductor waters having crack stop barriers.

BACKGROUND

Dozens or hundreds of integrated circuits are typically
manufactured on a single semiconductor watfer. The semicon-
ductor waler comprises chips or dies 1n which the integrated
circuits are located, and kerfs or scribe lines which separate
the individual cths T'he individual chips are diced by sawing
the water along the kerf. The individual chips are then typi-
cally packaged, either separately or 1n a multi-chip module.

SUMMARY OF THE INVENTION

In accordance with an embodiment of the present mven-
tion, a water 1s disclosed. The watfer comprises a plurality of
chips and a plurality of kerfs. A kert of the plurality of kerfs
separates one chip from another chip. The kerf comprises a
crack stop barrier.

In accordance with an embodiment of the present mven-
tion, a method of manufacturing chips i1s disclosed. The
method comprises applying a chip design to chips of a waler
and applying a kert design to the kerf of the water. The kerf
design comprises a crack stop barrier. The method further
comprises dicing the waler to separate the chips.

The foregoing has outlined rather broadly the features and
technical advantages of embodiments of the present invention
in order that the detailed description of the invention that
tollows may be better understood. Additional features and
advantages of embodiments of the invention will be descried
hereinafter, which form the subject of the claims of the inven-
tion. It should be appreciated by those skilled 1n the art that the
conception and specific embodiments disclosed may be
readily utilized as a basis for moditying or designing other
structures or processes for carrying out the same purpose of
the present invention. It should be realized by those skilled in
the art that such equivalent constructions do not depart from
the spirit and scope of the mmvention as set forth in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present mven-
tion, and the advantages thereol, reference 1s now made to the
tollowing descriptions taken 1n conjunction with the accom-
panying drawings, in which:

FIG. 1 shows a wafer;

FI1G. 2 shows a conventional kert junction;

FIG. 3 shows a top view of an embodiment
junction;

FIG. 4 shows a top view of an embodiment
junction;

FIG. 5 shows a top view of an embodiment
junction;

FIG. 6 shows a top view of an embodiment
junction;

FIG. 7 shows a top view of an embodiment
junction; and

FIG. 8 shows a cross sectional view of a crack stop barrier.

of a kert
of a kert
of a kert
of a kert

of a kertf

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

(Ll

The making and using of the presently preferred embodi-
ments are discussed 1n detail below. It should be appreciated,
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2

however, that the present invention provides many applicable
inventive concepts that can be embodied 1n a wide variety of
specific contexts. The specific embodiments discussed are
merely illustrative of specific ways to make and use the inven-
tion, and do not limit the scope of the mvention.

The present mvention will be described with respect to
embodiments 1n a specific context, namely a crack stop bar-
rier 1n a kerf or on a semiconductor wafer.

FIG. 1 shows a water 100 comprising a plurality of chips or
dies 200 and a plurality of kerts or scribe lines 300. Each chip
200 may be separated from other chips 200 by kerfs or scribe
lines 300. The intersections of the kerfs 300 may form kerf
junctions 400.

The kerfs 300 may comprise test features such as optical
alignment structures, process control monitoring structures,
and/or reliability control momitoring structures. The test fea-
tures may be short features having a structure shorter than a
chip length or long features having structures longer than a
chip length. The long test features may extend 1n or beyond a
kert junction 400 or a plurality of kert junctions 400. The test
features may extend beyond several junctions 400 and may be
arranged along a long or short side of several chips.

FIG. 2 shows a detail of a conventional water 100. Four
chips 210-213 are shown. The chips 210-213 are separated by
kerts 310 and 311. The kerfs 310 and 311 form a kerf junction
410. Each chip 210-213 may comprise an mner region 214-
217 within the respective chip 210-213. The inner region
214-217 may be an integrated circuit region. The integrated
circuit region 214-217 may be enclosed or surrounded by a
seal or crack stop ring located 1n a peripheral region 218-221
of the chip 210-213. The crack stop ring 1s supposed to
prevent cracks or delamination from propagating toward the
integrated circuit 214-217 of the chips 210-213 while the
chuips 210-213 are separated by sawing the kerf. The kerf
junction 410 may be a square or a rectangle.

FIG. 2 shows a shaded region 510. The shaded region 510
shows the propagation of cracks while the chips 210-213 are
separated. As can be seen from FIG. 2, the crack stop rings of
the peripheral regions 218-221 may prevent delamination or
propagation ol the cracks toward the integrated circuits
region 214-217 along a long side 225 and along a short side
226 of chip 210, for example. However, the crack stop rings of
the peripheral regions 218-221 may not be able to prevent
delamination or propagation of cracks at a corner 227 of the
chip 210. The corner 227 of the chip 210 may be more
vulnerable to delamination and cracks because the corner 227
may be more exposed to separation forces than the long side
225 and/or the short side 226 of chip 210. In a particular
example, the corner 227 may be exposed to separation forces
not only from one direction but from two directions.

A problem may occur when the corner 227 cannot stop
propagations of cracks. Cracks may enter the inner regions
214-217 of the chips 210-213 damaging the integrated circuit
regions 214-217 and leading to device failures. The cracks
can disrupt conductive lines rendering the integrated circuits
214-217 moperable. The cracks can also allow moisture and
other contaminants to enter into the mtegrated circuit region
214-217 of the chips 210-213, causing corrosion and other
problems.

Thus, what 1s needed 1n the art 1s an arrangement that
prevent cracks propagating into the integrated circuit regions
214-217 of the chips 210-213 while separating the chips
210-213.

FIG. 3 shows a top view of an embodiment of a detail of a
waler 100. FIG. 3 shows four chips, 1.e. a first chip 230, a
second chip 240, a third chip 250 and a fourth chip 260. The

chips 230-260 may be memory chips or logic chips. For
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example, the chips 230-260 may be DRAM chips, non-vola-
tile memory chips, microcontroller chips and the like. FIG. 3
turther shows two perpendicular scribe lines 320, 330. The
two scribe lines 320, 330 form a kerf or scribe line junction
420. Two crack stop barriers 610, 620 are arranged in the
scribe line junction 420. The crack stop barriers 610, 620 are
arranged parallel to the first kert 320 direction and orthogonal
to a second kert 330 direction. The crack stop barriers 610,
620 are arranged on opposite sides of the kert junction 420.
The crack stop barriers 610, 620 may block a propagation of
cracks along the second kert 330 direction. The crack stop
barriers 610, 620 may not block apropagation of cracks along,
the first kert 320 direction.

The first crack stop barrier 610 1s arranged between the first
chip 230 and a second chip 240, and the second crack stop
barrier 620 1s arranged between the third chip 250 and the
fourth chip 260. The first crack stop barrier 610 may be in line
with a long side 231 of the first chip 230 and a long side 241
of the second chip 240, and the second crack stop barrier 620
1s 1n line with a long side 251 of the third chip 250 and a long
side 01261 the fourth chip 260. The first crack stop barrier 610
1s an extension of corners 233, 243 of a first chip 230 and a
second chip 240. The second crack stop barrier 620 1s an
extension of corners 253, 263 of a third cth 250 and a fourth
chip 260. The first crack stop barrier 610 1s orthogonal to a
short side 232 of the first chip 230 and a short side 242 of the
second chip 240, and the second crack stop barrier 620 1s
orthogonal to a short side 252 of the third chip 250 and a short
side 262 of the fourth chip 260. In one embodiment the crack
stop barrier 610, 620 may be arranged 1n line with a short side
232-262 of the chip 230-260 and orthogonal to a long side
231-251 of the chip 230-260.

In one embodiment the crack stop barrier 610, 620 may be
in line with or parallel to features 270 located in and along the
first kert 320 or the second kert 330. The features 270 may be
test features such as optical alignment structures, process
control monitoring (pcm) structures, and/or reliability control
monitoring (rcm) structures. I the features 270 are located in
and along the first kert 320 then the crack stop barriers 610,
620 may be 1n line with the first kert 320. If the features 270
are located 1n and along the second kert 320 then the crack
stop barriers 610, 620 may be 1n line with the second kert 330.
In one embodiment crack stop barriers 610, 620 may only be
arranged 1n line with kerfs 320, 330 comprising features 270
longer than a length of one chip or features 270 crossing the
unction 420.

The crack stop barrier 610 may be physically connected to
the crack stop barriers 235, 245 of the chips 230, 240, and the
crack stop barrier 620 may be physically connected to the
crack stop barriers 255, 265 of the chips 250, 260. In one
embodiment the crack stop barriers 610, 620 may block the
entire width of the second kert 330.

The crack stop barriers 610, 620 may be continuous lines.
Alternatively, the crack stop barriers 610, 620 may be stag-
gered discrete lines or jagged lines. The crack stop barriers
610, 620 may be sawtooth or zigzag lines. The crack stop
barriers 610, 620 may be made from a solid maternial. A solid
material may be a conductive or semiconductive material
such as a metal, silicon or polysilicon, or, alternatively, a
dielectric material such as silicon dioxide or high-k dielec-
trics.

The crack stop barriers 610, 620 may be a single barrier line
or a plurality of barrier lines. For example, crack stop barriers
610, 620 cach may be two barrier lines. Crack stop barrier 610
may have the same number of barrier lines as crack stop
barrier 620. Alternatively, crack stop barrier 610 may have
different numbers of barrier lines as crack stop barrier 620.
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For example, crack stop barrier 610 may comprise a single
barrier line while crack stop barrier 620 may comprise a dual
barrier line.

The crack stop barriers 610, 620 may comprise a width of
about 3 um to about 12 um. The crack stop barrier lines of the
crack stop barriers 610, 620 may comprise a width of about
0.5 um to about 4 um. The crack barrier lines may comprise a
width of about 1 um to about 3 um.

FIG. 4 shows a top view of another embodiment of crack
stop barriers 610, 620. The crack stop barriers 610, 620 may
only block parts of the entire width of the second kert 330.
The crack stop barrier 610 may not be physically connected to
the crack stop barriers 235, 245 of the chips 230, 240 and may
be arranged 1n a distance or a gap from the crack stop barriers
235, 245 of the chips 230, 240. For example, the distance
between the crack stop barriers 233, 245 of the chips 230, 240
and the crack stop barrier 610 may be about 1 um to about 3
um. Alternatively, the gap may be about 1.5 um to about 2 um.
Crack stop barrier 620 may be placed at a same or a similar
distance from the crack stop barriers 255, 265 of the chips
250, 260 as crack stop barrier 610 from the crack stop barriers
235, 245. Alternatively, the crack stop barrier 620 may be
placed at a different distance from the crack stop barriers 255,
2635 of the chips 250, 260 than crack stop barrier 610 from the
crack stop barriers 235, 245.

FIG. 5 shows a top view ol another embodiment of crack
stop barriers 610, 620. The crack stop barriers 610, 620 are
located at least partially within the kerf junction 420. The
crack stop barriers 610, 620 may be located at a peripheral
region of the square or the rectangle of the kerf junction 420.
The crack stop barriers 610, 620 may be located 1n the first
kert 320 and 1n the second kert 330.

The crack stop barrier 610 may be placed at a first distance
d, from an edge 233 of the first chip 230 and a second distance
d, form the edge 243 of the first chip 240. Distance d, and
distance d, may be the same or may be different. For example,
distance d, may be about 2 um to about 5 um. The crack stop
barrier 620 may be placed at a third distance d, from an edge
2353 of the third chip 250 and a fourth distance d, form the
edge 263 of the tourth chip 260. Distance d, and distance d,
may be the same or may be ditferent. Dlstance d, and distance
d, may be the same or may be ditferent, and dlstance d, and
distance d, may be the same or may be different. All the
distances d,-d, may be the same or different.

The lengths of the crack stop barriers 610, 620 may be
shorter, as large as or larger than the width of the kert 330. The
lengths of the crack stop barriers 610, 620 may be the same or
may be different.

FIG. 6 shows a top view of an embodiment of crack stop
barriers 610-640. The crack stop barriers 610-640 are
arranged along a perimeter of the kerf junction 420. The crack
stop barrier 610 may be physically connected to the crack stop
barriers 235, 245 of the chips 230, 240, and the crack stop
barrier 620 may be physically connected to the crack stop
barriers 255, 265 of the chips 250, 260. The crack stop barrier
630 may be physically connected to the crack stop barriers
236, 256 of the chips 230, 250, and the crack stop barrier 640
may be physically connected to the crack stop barriers 246,
266 of the chips 240, 260. In one embodiment the crack stop
barriers 610-640 may block the entire widths of the kerts 320,
330.

In another embodiment crack stop barriers 610-640 may
only block parts of the entire width of the kerts 320, 330. The

crack stop barriers 610-640 may not be physically connected
to the crack stop barriers 235-266 of the chips 230-260 and
may be arranged 1n a distance or a gap from the crack stop

barriers 235-266 of the chips 230-260. In one embodiment
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some of the crack stop barriers 610-640 may be physically
connected to the crack stop barriers 235-265 of the chips
230-260, and some of the crack stop barriers 610-640 may not
be physically connected to the crack stop barriers 235-265 of
the chips 230-260.

FIG. 7 shows a top view of an embodiment of crack stop
barriers 610-640. The crack stop barriers 610-640 are located
at least partially within the kerf junction 420. The crack stop
barriers 610-640 may be located at a peripheral region of the
square or the rectangle of the kerf junction 420. The crack
stop barriers 610-640 may be located in the first kert 320 and
in the second kert 330. The crack stop barriers 610, 620 may
be arranged parallel to the first kerf 320 direction, and the
crack stop barriers 630, 640 may be arranged orthogonal to
the first kert 320 direction. The crack stop barriers 630, 640
may be arranged parallel to the second kert 330 direction, and
the crack stop barriers 610, 620 may be arranged orthogonal
to the second kert 330 direction. Similar to the discussion
above with respect to FIG. 5, the crack stop barriers 610-640
may have the same distances from the edges 233-263 of the
chips 230-260 or different distances from the edges 233-263
of the chips 230-260.

In the particular example of FIG. 7, the lengths of the
barriers 610, 620 are larger than the width of the kerf 330, and
the lengths of the barriers 630, 640 are shorter than the width
of the kert 320. In one embodiment the lengths of the crack
stop barriers 610-640 all may be shorter than the widths of the
kerts 320, 330. In one embodiment the lengths of the crack
stop barriers 610, 620 are the same and the lengths of the
crack stop barriers 630, 640 are the same. In another embodi-
ment the ratio (length of the crack stop barrier 610-640 rela-
tive to the width of the kert 320, 330) i1s the same but the
lengths of the crack stop barriers 610-640 are different. In yet
another embodiment the lengths of the crack stop barriers
610-640 may be shorter, as large as or larger than the width of
the kerts 320, 330.

The crack stop barriers 610-640 may comprise the same
material, designs, widths, and distances as described for the
crack stop barriers with respect to FIG. 3.

FIG. 8 shows a cross-sectional view of an embodiment of a
crack stop barrier 600 1n a kert or scribe line 300. The crack
stop barrier 600 may be made of several 1solation layers
650-660. Each 1solation layer may comprise an 1solation
material and a crack stop material or solid material. The
1solation material may be silicon dioxide or a low-k dielectric,
for example. The crack stop material may be a conductive
material such as a metal, e.g. aluminum (Al), copper (Co),
tungsten (W), or polysilicon. Alternatively, the crack stop
material may be a dielectric material such as silicon-dioxide,
silicon nitride, or a high-k dielectric.

FIG. 8 shows a substrate 640. The substrate 640 may
include mono-crystalline silicon, gallium arsenide (GaAs),
germanium (Ge), silicon-on-insulator (SOI), or any other
substrate material. The substrate 640 1s a waler and may
comprise kerf regions.

A first 1solation layer 650 1s formed over the substrate 640
by known methods. The first 1solation layer 650 1s patterned
to form contact holes or trenches. The contact holes or
trenches may be filled with a solid material to form contacts or
plugs 651.

A second 1solation layer 652 1s deposited and patterned to
form trenches for depositing solid material lines 653. The
solid material lines 653 of the second 1solation layer 652
extend into and out of the plane of the page. A third 1solation
layer 654 1s formed and patterned to create vias or trenches
which are then filled with a solid material to form plugs or
contacts 635. A fourth 1solation layer 656 1s deposited and
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6

patterned to form trenches for depositing solid material lines
657. The solid matenal lines 657 of the fourth 1solation layer
656 cxtend 1nto and out of the plane of the page. The plugs or
contacts 655 physically connect the solid material lines 657
of the fourth 1solation layer 656 with the solid material lines
653 of the second 1solation layer 6352.

Advantageously, multiple levels of 1solation layers 650-
658 may be deposited to form the crack stop barrier 600. The
crack stop barrier 600 may be created by alternating forming
1solation layers 652-656 having solid material lines 653-657
and 1solation layers 630-656 having plugs, contacts or
trenches 651-659 comprising the solid material. The crack
stop barrier 600 may be passivated by a passivation layer 660.

FIG. 8 shows only one row of plugs or contacts 635 physi-
cally connecting solid material line 653 to solid material line
657. In one embodiment two or more parallel rows of plugs or
contacts 6535 may be formed to physically connect solid mate-
rial line 653 to solid material line 657 (not shown). In one
embodiment the crack stop barrier 600 may be a dual barrier
line. In one embodiment each barrier line of the dual barrier
line crack stop barrier 600 may comprise the same matenal,
width, and design as the single line crack stop barrier. In
another embodiment each line of the dual barrier line of the
crack stop barrier 600 may comprise different materials,
widths and/or designs. Alternatively, the crack stop barrier
600 may be a single barrier line or a multi barrier line.

The crack stop barrier 600 may comprise a pyramid type
structure with a width of the solid maternial lines 653-657
being smaller 1n the top levels than in the bottom levels. For
example, first solid material lines 653 may comprise a {irst
thickness, and second solid material lines 657 may comprise
a second thickness. The second thickness 1s the same or less
than the first thickness. The crack stop barrier 600 may com-
prise cube type structure with a width of the solid material
lines 653-657 being the same 1n all layers.

The crack stop barrier 600 1s formed on a water. The
semiconductor waler 640 may comprise kerf regions 300 and
chip or die regions 200. A chip design may be applied or
processed through a back end of line (BEOL) manufacturing
process to the chip regions 200. A kerf design may be applied
or processed through a BEOL manufacturing process to the
kerf regions 300. The chip design and the kerf design may be
two differently created designs.

The chip design may comprise crack stop barriers and the
kert design may comprise crack stop barriers. The chips,
processed according to the chip design, may comprise a crack
stop barrier along an outer rim of the chips. The crack stop
barriers of the chips may form a ring around an integrated
circuit. The crack stop barrier may seal the chip protecting 1t
against cracks and moaister.

The kert design may comprise crack stop barriers 1n a kert
300, 1n a kerf junction 400 or 1n the vicinity of a kert junction
400. In one embodiment the crack stop barrier may be
arranged orthogonal to a first kerf direction and parallel to a
second kerf direction. In one embodiment the crack stop
barriers may be arranged orthogonal to a first kerf direction
and orthogonal to a second kert direction. The crack stop
barriers may be arranged along opposite sides of a kert junc-
tion. The crack stop barrier may be arranged along a perimeter
of the kert junction 400. The crack stop barrier may be
arranged at a distance 1nside the perimeter of the kerf junction
400 or may be arranged at a distance outside the perimeter of
the kerf junction 400.

Although the present invention and 1ts advantages have
been described 1n detail, 1t should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as
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defined by the appended claims. For example, many of the
features and functions discussed above can be implemented
in a capacitor manufacturing process having a lower elec-
trode, a dielectric and an upper electrode. As another
example, 1t will be readily understood by those skilled 1n the
art that the novel process steps may be applied to any structure
which has two conductive layers next to one another and that
the process steps may be varied while remaining within the
scope of the present invention.

Moreover, the scope of the present application 1s not
intended to be limited to the particular embodiments of the
process, machine, manufacture, composition of matter,
means, methods and steps described 1n the specification. As
one of ordinary skill 1n the art will readily appreciate from the
disclosure of the present invention, processes, machines,
manufacture, compositions of matter, means, methods, or
steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the
same result as the corresponding embodiments described
herein may be utilized according to the present mvention.
Accordingly, the appended claims are intended to include
within their scope such processes, machines, manufacture,
compositions of matter, means, methods, or steps.

What 1s claimed 1s:

1. A waler comprising:

a kerf junction comprising a first kerf and second kert, the

first kerf having a first main direction and the second kerf
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having a second main direction, the first kerf separating
a first chip and a second chip on a first side of the second
kert and the first kert separating a third chip and a fourth

chip on a second side of the second kertf; and

a first continuous crack stop barrier having a third direction
and connecting the first chip and the second chip,
wherein the third direction 1s different than the first main
direction, wherein the first continuous crack stop barrier
1s located 1n the kerf junction.

2. The water of claim 1, further comprising a second con-
tinuous crack stop barrier having a fourth direction and con-
necting the third chip and the fourth chip, wherein the fourth
direction 1s different than the first main direction, wherein the
second continuous crack stop barrier 1s located 1n the kert
junction.

3. The water of claim 2, wherein the third direction and the
fourth direction are parallel to the second main direction.

4. The water of claim 1, wherein the kert junction further
comprises a test feature.

5. The water of claim 4, wherein the test feature 1s parallel
to the second main direction and wherein the test feature 1s

larger than a width of the second kerf.

6. The water of claim 1, wherein the first continuous crack
stop barrier comprises a cube type structure.
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